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STUDY QUESTION: Is electronic digital classification/staging of endometriosis by the EQUSUM application more accurate in calculating
the scores/stages and is it easier to use compared to non-digital classification?

SUMMARY ANSWER: We developed the first digital visual classification system in endometriosis (EQUSUM). This merges the three
currently most frequently used separate endometriosis classification/scoring systems (i.e. revised American Society for Reproductive
Medicine (rASRM), Enzian and Endometriosis Fertility Index (EFI)) to allow uniform and adequate classification and registration, which is
easy to use. The EQUSUM showed significant improvement in correctly classifying/scoring endometriosis and is more user-friendly
compared to non-digital classification.

WHAT IS KNOWN ALREADY: Endometriosis classification is complex and until better classification systems are developed and
validated, ideally all women with endometriosis undergoing surgery should have a correct rASRM score and stage, while women with deep
endometriosis (DE) should have an Enzian classification and if there is a fertility wish, the EFI score should be calculated.

STUDY DESIGN, SIZE, DURATION: A prospective endometriosis classification proof of concept study under experts in deep
endometriosis was conducted. A comparison was made between currently used non-digital classification formats for endometriosis versus
a newly developed digital classification application (EQUSUM).

PARTICIPANTS/MATERIALS, SETTING, METHODS: A hypothetical operative endometriosis case was created and summarized in
both non-digital and digital form. During European endometriosis expert meetings, 45 DE experts were randomly assigned to the classic
group versus the digital group to provide a proper classification of this DE case. Each expert was asked to provide the rASRM score and
stage, Enzian and EFl score. Twenty classic forms and 20 digital forms were analysed. Questions about the user-friendliness (system
usability scale (SUS) and subjective mental effort questionnaire (SMEQ)) of both systems were collected.

MAIN RESULTS AND THE ROLE OF CHANCE: The rASRM stage was scored completely correctly by 10% of the experts in the
classic group compared to 75% in the EQUSUM group (P < 0. O1). The rASRM numerical score was calculated correctly by none of the
experts in the classic group compared with 70% in the EQUSUM group (P <0.0l). The Enzian score was correct in 60% of the classic
group compared to 90% in the EQUSUM group (P=0.03). EFl scores were calculated correctly in 25% of the classic group versus 85% in
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the EQUSUM group (P < 0.0l). Finally, the usability measured with the SUS was significantly better in the EQUSUM group compared
to the classic group: 80.8 £ 11.4 and 61.3£20.5 (P<0.0l). Also the mental effort measured with the SMEQ was significant lower in
the EQUSUM group compared to the classic group: 52.1 £18.7 and 71.0 £29.1 (P=0.04). Future research should further develop and
confirm these initial findings by conducting similar studies with larger study groups, to limit the possible role of chance.

LIMITATIONS, REASONS FOR CAUTION: These first results are promising, however it is important to note that this is a preliminary
result of experts in DE and needs further testing in daily practice with different types (complex and easy) of endometriosis cases and less
experienced gynaecologists in endometriosis surgery.

WIDER IMPLICATIONS OF THE FINDINGS: This is the first time that the rASRM, Enzian and EFl are combined in one web-based
application to simplify correct and automatic endometriosis classification/scoring and surgical registration through infographics. Collection
of standardized data with the EQUSUM could improve endometriosis reporting and increase the uniformity of scientific output. However,
this requires a broad implementation.

STUDY FUNDING/COMPETING INTEREST(S): To launch the EQUSUM application, a one-time financial support was provided by
Medotronic to cover the implementation cost. No competing interests were declared.

TRIAL REGISTRATION NUMBER: N/A.
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WHAT DOES THIS MEAN FOR PATIENTS?

This proof of principle study looks at whether digital endometriosis classification with the EQUSUM application is more precise compared
to the current non-digital classification.

Endometriosis classification remains a difficult topic, while there is no system that covers the disease completely. The revised American
Society for Reproductive Medicine classification system is mainly useful for less aggressive endometriosis, while the Enzian classification
system is more suitable for deep endometriosis and the Endometriosis Fertility Index score is not really a endometriosis classification
system, but predicts fertility chances after surgery.

It is challenging for the clinician to know all these classification systems (with exception rules), which makes it difficult to incorporate it in
the daily clinical setting. Therefore, it is desirable to make endometriosis classification more accessible and easier to use.

The researchers concluded with their study that digitalization of endometriosis classification has the potential to make it more accurate

and uniform and easier to use.

Introduction

Both patients and healthcare providers criticize current endometriosis
classification systems, because there is poor correlation of the extent
of the disease with symptoms and prognosis (Rolla, 2019). This raises
the question: why is proper classification important! And how come
that the current classification translates poorly to clinical outcomes?

Classification is important, because the goal of classification is to
provide a common language for healthcare providers to communicate,
monitor and report diseases (Jutel, 2011). This way we are able to
standardize and communicate about the same disease between health-
care workers, hospitals and countries. Furthermore, it enables correct
collection and storage of data for scientific research.

For endometriosis, the World Endometriosis Society (WES) stated:

‘Until better classification systems are validated, all women with
endometriosis undergoing surgery should have an rASRM score and
stage completed, women with deep endometriosis should have an
Enzian classification completed, and women for whom fertility is a
future concern should have an EFl score completed, and documented
in the medical/surgical notes’ (strong GPP = good practice point)
(Johnson et al., 2017).

The WES and World Endometriosis Research Foundation (WERF)
are aware of the fact that three separate systems are not ideal, but
until and if a comprehensive classification system that covers endome-
triosis in general, deep endometriosis (DE) and fertility outcomes
are created, this is the best that can be done at this time. However,
digitalization of the systems in use, could be a promising solution to
overcome these current issues stated above.

Usability of the current systems: rASRM,
Enzian and EFI

The revised American Society for Reproductive Medicine (rASRM)
classification system (1997) is the most widely adopted and claims to
be relatively easy to use (Haas et al., 2013a). However, there are
exception rules in the original description which are only known after
reading the article very meticulously. Furthermore, with the rASRM, it
is only possible to describe the peritoneum, ovaries, tubes, pouch of
Douglas and uterus. It is well known that endometriosis does not stay
within the anatomical boundaries of the internal reproductive organs.
Therefore, classification limited to these structures will not cover
the disease in toto. The rASRM total points lead to stage -V (1= |-5,
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Il = 6-15, lll= 1640, IV = >40), but no information on the location
of the lesion is provided. Furthermore, the rASRM is often used to
classify DE (Timoh et al., 2018; Leonardi et al., 2019; Abrao et dl.,
2020), while it inherently cannot account for DE. The rASRM is not
designed to classify endometriosis lesions in organs such as the rectum,
bladder, ureter and other DE structures and is therefore not the classi-
fication system of choice in DE.

The Enzian (Keckstein et al., 2003) classification is specifically devel-
oped for DE. It is mostly used in German-speaking countries, has rela-
tively poor international acceptance and is seen as a more complex/
difficult system (Haas et al., 2013a). The advantages are well recog-
nized, because it scores not only different regions of the pelvis but
also provides information about anatomical location. Such details are
useful in both research and clinical care. However, the Enzian provides,
up till now, no information on the tubes, ovaries and peritoneum. The
Stiftung Endometriose Forschung (SEF) is working on an update and will
incorporate these structures in a revised Enzian scoring system
#Enzian.

The Endometriosis Fertility Index (EFl) scoring system (Adamson
and Pasta, 2010) provides fertility chances after surgery and uses two
rASRM scores, total lesion score and total score (lesions plus adhe-
sions). The EFl has been validated in over 24 studies (Cook and
Adamson, 2013; Tomassetti et al., 2013; Kim et al, 2019) and pro-
vides correct natural fertility chances after surgery. The EFl score
defines four treatment levels (I-IV), with recommendations ranging
from ‘attempt non-ART conception for at least | year’ to ‘refer to
ART centre for IVF' (Cook and Adamson, 2013).

Is it time for a new classification system?

Since the aetiology and pathophysiology of endometriosis is not
completely revealed, the diagnosis and stage is not uniform and sub-
sequent treatment regimens vary. Unfortunately to date, there is no
system that includes all: staging of general endometriosis, DE and
fertility prognosis. Therefore, it is arguable whether we should intro-
duce a new system if we are not able to uniformly use the existing
classification systems. New classification systems have frequently
been and are being developed (Koninckx et al., 2011; Khazali,
2016), but a single useful and comprehensive system has not been
created. Endometriosis remains a complex disease with divergent
phenotypes and features and is therefore challenging to capture in
one classification system.

Furthermore, it has to be addressed that better description of en-
dometriosis lesions may not automatically means improvement of
care. The natural history and course of endometriosis is difficult to
register and is subject to multifactorial influences (hormone levels,
medication use, age) which has effect on the progression of the dis-
ease. Compared to oncologic systems, endometriosis classification
is more complex due to the lack of a single hard outcome measure
(e.g. survival in oncological versus endometriosis recurrence with
several definitions and monitoring difficulties). It should be realized
that we can’t classify in the same way as oncological diseases, and
more effort is needed to create uniform outcome measures which
enable research and, in the end, better treatment for endometriosis
patients.

Uniformity in surgical documentation and
registration in DE

The publication Consensus on Recording Deep Endometriosis Surgery
(CORDES) (Vanhie et al, 2016) formulated Deep Endometriosis
Surgical Sheets (DESS) for uniform registration in DE surgery. These
sheets are composed from consensus of international experts, based
on a systematic review of the literature. The use of these surgical
sheets combined with correct staging could be of importance in scien-
tific research, especially since more countries such as the UK
(Saridogan and Byrne, 2013) and German-speaking countries (Ebert
et al., 2013) are formulating and implementing guidelines for centraliza-
tion of endometriosis care. This will only succeed if there is standardi-
zation and harmonization of research and terminology.

Digitalization and technical development of
the EQUSUM

Digitalization in healthcare has the potential to improve it (Gellerstedt,
2016). Therefore, digitalizing current classification systems could help
physicians classify endometriosis with require less intellectual effort,
hold extensive knowledge of systems and exception rules, create
fewer errors and take less time. It facilitates uniform and automatic
database formation. Based on the CORDES statements, we incorpo-
rated a significant part of the DESS into the EQUSUM application.
Based on the recommendation of the WES (Johnson et al., 2017), we
processed the rASRM, Enzian and EFl into a web-based system, with-
out changing these current classification systems. In this application, it
is also possible to register the postoperative complications as defined
by Clavien-Dindo (Dindo et al, 2004). This enables the possibility
to link complications to different surgical techniques, which could pro-
vide more insight in DE surgical treatments. For example, all surgical
techniques (type of anastomosis, sewing technique etc.) are uniform
documented, and with robust data it would be possible to detects
trends in certain techniques with certain complications (e.g. (fictionally)
more anastomosis leakage with hand-sewn end-to-end anastomosis
compared to side-to-end anastomosis).

Our web-based system is called EQUSUM, Endometriosis QUality
and grading instrument for SUrgical perforMance. The advantage of
the application is that it generates automatic calculated classification
and registration in general endometriosis and DE on anatomical pic-
tures. The calculated EFl is incorporated for fertility chances after sur-
gery. Neurological involvement and nerve sparing surgical techniques
can be documented in one database with uniform surgical data. Finally,
the application incorporates automatically the usual and complex clas-
sification tables, figures and calculations, including the exception rules.
The EQUSUM is a digital entry system that automates calculation of
three previously established and recommended scoring systems. Users
can register for free on www.equsum.org. Surgical procedures can be
filled in, and free text or other traceable patient characterizes can be
documented, making it safe to use (based on data experts review).
The endometriosis lesions can be assigned on anatomical pictures,
which automatically calculates an rASRM score and stage, Enzian and
EFl score (if applicable). This classification can be documented in the
patient’s file. Surgeons who register their procedures can freely get
their registered surgical data (surgical procedure, techniques used, clas-
sification, surgical outcomes etc.) at the end of each year (syntax for
SPSS will be given as well, making data analysis easy).
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Our research aim is to find a solution for the challenging problem to
obtain a correct endometriosis classification and staging. Therefore we
compare the separate (on paper) classic systems rASRM, Enzian and
EFl to the digital classification application EQUSUM. The endpoints of
this study will be the correct staging/scoring and user-friendliness.

Materials and methods

We performed a prospective proof of concept study with expert
gynaecologist in endometriosis, from different international centres.
Data were collected from | January through 30 April 2019. The cur-
rently used non-digital (‘classic’) classification system are compared to
the outcome of the digital EQUSUM system. The latter, web-based
system was developed by our institute in close collaboration with the
Department of Psychology and Information Technology of the Leiden
University and meets all required standards for data security. This col-
laboration gained broad experience with previous scientific projects
(Driessen et al, 2016). Recruitment of participants took place at
European congresses for endometriosis. Only participants with known
experience in endometriosis were approached for this inquiry.
We also collected baseline information about their experience. The
inquiry was randomly assigned, subsequently handing out (1:1) a digital
form followed by a non-digital test and so on. On the digital form,
instructions were given to create an EQUSUM account (www.equsum.
org) and basic instructions were provided on how to fill in the informa-
tion from the operative case. Informed consent was obtained
from each participating physician. Self-reported general data about
experience in endometriosis surgery, DE and surgical cases on average
per year were collected.

The inclusion criteria were experts in endometriosis surgery.
We considered >3 years of specific surgical experience in endometri-
osis as experienced.

Exclusion criteria were forms that did not follow the given instruc-
tions correctly e.g. filing in a non-digital form while a digital form was
handed out and incomplete forms regarding the classification.

Case

A hypothetical patient case was created (Supplementary Fig. Sl):
34-year-old woman, para |, and trying to get pregnant for one year
without success. She has a diagnosis of DE of the bladder with
complaints of pain and scheduled for surgery. All exception rules of
the classification systems were included in this case.

Outcomes and definitions

The primary outcome was the correct staging/classification of the
hypothetical patient.

Secondary outcomes were the application of the exceptions rules of
each classification system and user-friendliness measured by the
Subjective Mental Effort Questionnaire (SMEQ) (Bevan, 1995) and sys-
tem usability scale (Brooke, 1996). In detail, exception rules for the
rASRM consisted of assignment of 16 points to the fallopian tube with
a complete enclosure of the fimbria by adhesions and multiplied points
on the remaining tube and ovary due to the missing adnexa (1997).
For the Enzian classification bilateral involvement needs to be assigned
with two characters (Haas et al, 2013b). Furthermore, negative

findings in compartment A, B and C need to be described as well
(Haas et al., 2013a,b). With the EFI, the Least Function (LF) needs to
be doubled if an ovary is missing (Adamson and Pasta, 2010).

The SMEQ has a scale from 0 (not at all hard to do) to 150,
whereby scores above | |0 means that it is tremendously hard to do.
The system usability scale score varies from O (not at all user-friendly)
to 100 (user-friendly), and can be divided in the following categories;
<51 awful, 51-68 poor, 68 okay, 68-80.3 good, >80.3 excellent.

Correct classification of the hypothetical
patient case

rASRM

rASRM endometriosis score is 6 points of the peritoneum and 4 points
of the ovary (X2 because the missing ovary), resulting in 6 +8 (4 x 2)
= 14 points.

The adhesions score is 8 points for the left ovary (x2 because of
the missing ovary) and 8 points for the right tube (assigned to 16 due
to complete enclosure of the fimbriae), resulting in a total of 32 adhe-
sion points.

Together these result in a total rASRM score of 14+32=46
points, stage V.

Enzian

The correct notation for the Enzian is AOBB2CO, FB. Because of bilat-
eral involvement of compartment B we only take the highest score.
Shorter descriptions (used in clinical setting), were also stated correctly
(BIB2, FB or B2, FB).

EFI

The LF for the EFl results in taking the lowest score of both sites. The
right side is O due to the missing ovary. On the left side, the lowest
score is the left fallopian tube scored moderate 2 points, resulting in a
total LF of 4 points, because the site with the ovary must be doubled
(2 x 2).

The correct historical factor is 5. Age being under 35 gives 2 points.
Years infertile is <3 years also 2 points. And prior pregnancy gives one
point. These results in 5 points in total.

The surgical factor is 2 points resulting from the LF (46 is moder-
ate, 2 points). rASRM score endometriosis is lower than 16, giving
| point. And the total rASRM score <71 gives | point. Surgical factor
in total is therefore 4 points.

EFl score is historical (5 points) + surgical (4 points) = EFl score
of 9.

Statistical analysis

IBM SPSS version 25.0 for Windows was used for our analysis and we
used the Shapiro—Wilk test to evaluate the distribution of the data.
Data are presented as mean £ SD or median (with interquartile
range) for normally distributed or skewed data, respectively. We used
Student’s t-test for normally distributed data and Mann—Whitney
U test for skewed data. Categorical data were compared using x? test.
Odds ratios (ORs) were calculated from univariate logistic regression
model. Given the overarching aim of this proof of concept study
(explore the correctness and usability of digital classification), a power
calculation was not conducted, which is common practice amongst pi-
lot studies (Billingham et al., 2013). We choose for 20 inclusions per
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arm. We considered a two-tailed P-value of <0.05 as statistically
significant.

Ethical approval

Ethical approval was given by the Medical Ethics Committee of the
Leiden University Medical Center (LUMC) (G20.019). Informed con-
sent was obtained by each participating gynaecologist.

Results

Baseline characteristics of participating
experts in deep endometriosis

In total, 45 participants were recruited, and five were excluded with
the following reasons: two because of not being expert in endometri-
osis surgery, two because of missing data about experience and one
due to not following the instructions (filled in classification on paper
while it was a digital form). This resulted in 20 experts completing the
non-digital classification format test (classic version) and 20 completing
the digital (EQUSUM) version.

Baseline characteristics are presented in Tablel. There were no sta-
tistical differences in the median (interquartile range) experience
(years) in general endometriosis between the classic and the
EQUSUM groups, respectively 18 (7-30) and 18 (6-23) (P=0.32).
Also, no statistical difference was found in the amount of surgical DE
cases per year, respectively a median of 60 (25—-113) and 30 (20-49)
(P=0.08). A statistical difference was found in general surgical endo-
metriosis cases per year, a median of 150 (65-313) in the classic
group and 55 (25-100) in the EQUSUM group (P < 0.01).

Correct use of the rASRM, Enzian and EFI
scores

Statistical differences were found on all primary outcome measures be-
tween the classic group and EQUSUM (Tablell). In the classic group,
10% scored the rASRM stage correctly, compared to 75% in the
EQUSUM group (P < 0.01, OR: 27.0; 95% Cl: 4.6-159.7). Considering
the rASRM score, none of the experts in the classic group but 70% in
the EQUSUM group scored this completely correctly (P<0.01).

The Enzian classification showed a statistical differences: the classic
group was correct with 60% of expert, compared to 90% in the
EQUSUM group (P=0.03, OR: 6.0; 95% ClI: 1.1-33.3). For the EFI
score, 25% were correct in the classic group, whereas in the

Table I Baseline characteristics of experts in endometriosis.

EQUSUM group, 85% scored this correctly (P<0.0l, OR: 17.0; 95%
Cl: 3.5-83.4).

Exceptions rules applied

For the rASRM classification, the exception rule when the fimbriated
end of the fallopian tube is completely enclosed (i.e. change the point
assignment to |6) was used in 90% in the classic group compared to
85% in the EQUSUM group (Table lll). The exception rule of only one
adnexa was applied in one case (5%) in the classic group, whereas it
was automatically calculated in 95% in the EQUSUM group. No dis-
crepancy was found in the EQUSUM group between the rASRM score
and stage, this discrepancy occurred in the classic group in 5% of the
cases. (This means assigning the wrong stage in relation to the rASRM
score.)

In the classic group, seven versions of the Enzian were given and
three were given in the EQUSUM group. In the classic group, the ma-
jority used the B2, FB nomenclature (50%). The terminology BIB2 for
compartment B was also considered correct; this was used in two
forms (10%) resulting in 60% correct Enzian classification. In the
EQUSUM group 85% generated a correct Enzian classification of AQ,
BB2, CO, FB.

Considering the EFl components in the classic group, the LF was
reported correctly in 30%, historical factor correct in 95%, LF was
doubled in 45% of the cases, surgical factors were filled in correctly in
25% and the endometriosis rASRM score was correctly used in 40%.
In the EQUSUM group, the LF was correct in 95%, historical factor
was correct in 95%, LF was doubled in 95%, surgical factors were cor-
rect in 95% and there was correct use of the endometriosis rASRM
score in 95%.

User convenience

The usability scored with the system usability scale was significantly dif-
ferent between the classic group (n=17) and EQUSUM group
(n=16), with respectively a mean of 61.3+20.5 and 80.8+ 114
(P<0.01). In Table IV, the system usability scale score is divided in cat-
egories from excellent to awful. In the classic group, 15% thought the
classification was excellent, whereas in the EQUSUM group this was
45%. None of the participants scored the EQUSUM as awful, com-
pared to 30% in the classic group.

The mental effort measured with the SMEQ showed that the
EQUSUM scored lower (less effort) compared to the classic group. In
the classic group (n=19), a mean of 71.0£29.1 was found and in the
EQUSUM group (n= 14), a mean of 52.1 + 18.7 (P=0.04).

Characteristics (self-reported)

Experience general endometriosis, median (Q1-Q3) years
Surgical cases general endometriosis, median (Q 1-Q3) case/year’

Surgical cases deep endometriosis, median (Q1-Q3) case/year”

Classic (n = 20) EQUSUM (n = 20) P-value
18 (7-30) 18 (6-23) 0.32
150 (65-313) 55 (25-100) <0.0l
60 (25-113) 30 (20-49) 0.08

*Surgical cases general endometriosis; missing values: 2 (classic).
**Surgical cases deep endometriosis; missing values: 3 (classic).
Interquartile range is reported with Q| and Q3.



Metzemaekers et al.

Table Il Primary outcome measures.

Classic (n = 20) EQUSUM (n =20) Univariable®Odds ratio P-value
(95% CI)
rASRM score right, n (%) 0(0) 14 (70) - <0.01
rASRM stage right, n (%) 2 (10) 15 (75) 27.0 (4.6-159.7) <0.01
Enzian score right, n (%) 12 (60) 18 (90) 6.0 (1.1-33.3) 0.03
EFI score right, n (%) 5(25) 17 (85) 17.0 (3.5-83.4) <0.01
*Odds ratio not possible to calculate for rASRM score because of zero in the equation.
EFIl, Endometriosis Fertility Index; rASRM, revised American Society for Reproductive Medicine.
Table 11l Secondary outcome measures, exception rules Table IV User convenience.
of rASRM, Enzian and EFI as scored correctly by number
of participants. Characteristics Classic EQUSUM P-value
Classic EQUSUM System Usability Scale 61.3 (20.5) 80.8 (11.4) <0.01
(n=20) (n=20) (SUS), mean (SD)
...................................................................................................... EXCe”ent (%) IS% 45%
rASRM classification, n (%) 18 90) 7 @) Good (%) 20% 20%
Exceptfon rule fimbria used (assign toAlé) Poor (%) 20% 5%
Exception rule ovziry used (double points) I (5) 19 (95) Okay (%) 0% 0%
Score/stage error I (5) 0(0) Awful (%) 30% 0%
. . . o
Enzian ve;slons classic, n (%) Not respond (%) 15% 20%
B2, FB 10(50) - Subjective Mental Effort 71.0 (29.1) 52.1 (18.7) 0.04
AB2FB I (5) - Questionnaire (SMEQ),
BI(li), B2(re), FB 3(15) - mean (SD)"”
BIB2, FB” 2(10) - — _
*SUS missing values: 3 (classic), 4 (EQUSUM)—<51 awful, 51-68 poor, 68 okay,
B2rBII, FB 2(10) - 68-80.3 good, >80.3 excellent.
AB2dextCO0 F(B) I (5) _ **SMEQ; missing values: | (classic), 6 (EQUSUM)—scale from 0 to 150, 0 means not
at all hard to do, above | 10 means tremendously hard to do.
2,B2,FB 1) -
Enzian versions EQUSUM, n (%)
A2, BB2, CO, FB - 2 (10)
AO0, B - |
. B0, CO ©) rules, because it is automatically generated and processed in the appli-
A0, BB2, 0, FB - 7.85) cation through infographics. This has the potential to improve classifi-
)
EFl score, n (%) cation of (deep) endometriosis.
LF right calculation 6(30) 19 (95) With all the current exception rules (Table V) in endometriosis clas-
Historical factor right calculation 19.(95) 19.(95) sification, clinicians have to study the original papers carefully to find
LF doubled 9 (45) 19.(95) out about these rules. It is well known that in daily practice, most of
Surgical factor right use 5(25) 19 (95) the clinicians don’t use the rASRM table for classification, but stage by
Right use of endometriosis score rASRM 8 (40) 19 (95) their clinical view/intuition.

*Assigning the wrong stage in relation to the rASRM score.
**Correct Enzian score.
LF, Least Function; rASRM, revised American Society for Reproductive Medicine.

Discussion

The results of this proof of concept study with the EQUSUM applica-
tion shows that classification of DE by endometriosis experts was sig-
nificantly more correct when using this digital system compared to
the currently in use, classic classification on paper. With the
EQUSUM, clinicians do not have to consider the complex exception

It is unrealistic to expect that all gynaecologists can apply these rules
to three different classification systems flawlessly. Furthermore, we
have to consider the user-friendliness of classification systems. If a sys-
tem is too labour-intensive, it is likely and understandable that doctors
will not use the system. In our study, we found that the majority
scored that the classic classification as awful, while in the EQUSUM
group the majority scored it as excellent and none scored it awful.
The digital classification system seems very easy to use, due to visual
advantages with anatomical pictures for the classification (Fig. I, print
screens of EQUSUM interface; an extensive overview is found on
www.equsum.org). Using so-called infographics instead of words/
tables, provides easy and quick understanding (McCrorie et dl., 2016).
Another advantage of the digital version is that if new rules or updates
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Table V Exception rules current classification/scoring systems.

rASRM | If the fimbriated end of the fallopian tube is completely enclosed, change the point assignment to 16 (1997).
2. In those patients with only one adenexa, points applied to disease of the remaining tube and ovary should be multiplied by two (1997).

3. The severity of the endometriosis or adhesions should be assigned the highest score only for peritoneum, ovary, tube or culdesac (1997).

Enzian | Bilateral involvement noted with two letter for B (BB) and FU (FUU) (Haas et al., 2013b)
2. Negative findings for compartment ABC are noted, AOBOCO (Haas et al., 2013a,b)

EFI I If an ovary is absent on one side, the LF score is obtained by doubling the lowest score on the side with the ovary (Adamson and Pasta, 2010).

EFl, Endometriosis Fertility Index; rASRM, revised American Society for Reproductive Medicine.

Figuarw 1, prirt sereenm of FOLSUM aggiication interface.
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appear for classification, it can easily be adjusted making it an optimal
and dynamic digital system.

It has to be noted that the EQUSUM is comparable with a calcula-
tor, wrong input does not give correct output, although the calculation
behind it, is correct. Inherently this is also a limitations of the
EQUSUM application. Even if all exception rules are built-in and classi-
fication can be done on clear anatomical pictures, digital classification
is still not 100% flawless. Classification in the EQUSUM application fails
when, the general data is not filled in correctly; e.g. if one ovary is
missing and this is not entered correctly in the general data, the excep-
tion rule for a missing ovary will not be applied and therefore not be
calculated in the rASRM and EFl score.

Furthermore, we tested this proof of concept study on experts in
deep endometriosis and gave a difficult DE case to analyse. Further re-
search with different physicians and diverse patient cases with less ex-
ception rules can make the system even more robust.

Another main issue that needs to be addressed is that all classifica-
tion systems for endometriosis did not prove to be predictive in terms
of likelihood of conception (except EFl), pain and lesion recurrence
and, most importantly, the response to surgical and conservative treat-
ments. Therefore, the question remains whether merging three classifi-
cation systems in a single application will result in improvement of the
points addressed. However, creating a uniform ‘language’, whereby
doctors can communicate and use uniform data (created by
EQUSUM), enables comparison and more reliable research outcomes.

With the development of the EQUSUM, we choose for classification
based on surgical findings. However, with the current trend in the use
of ultrasound and MRI detection and classification of the disease, we
have to consider that image guided classification can only be per-
formed with the Enzian. No rASRM classification can be made purely
on ultrasound (as adhesions are difficult or not visible) and therefore it
is additionally not possible to calculate an EFl score (which is based on
postoperative findings and related to rASRM score). In future versions
of the EQUSUM, it would be possible to incorporated Enzian scores
based on radiological findings too.

Clinical relevance

The main achievements, including contributions to the field can be re-
capped as follows: (i) The current classification/scoring systems on a
hypothetical DE case is difficult to score correctly due to the (not ap-
plied) exception rules. (i) Current classification systems are challenging
and prone to errors and makes comparison of data on (inter)national
level difficult in clinical and research settings. (jii) Digitalization has the
potential to improve automatically correct scoring and is more user-
friendly. (iv) Taken these points together, it is important to consider
how to interpret the current classification and literature in relation to
prognosis and future patient treatments.

In the literature, a poor clinical correlation between rASRM classifi-
cations has been reported (Vercellini et al, 1996; Johnson et dl.,
2017). For the Enzian classification, future research is needed to con-
firm the correlation with clinical findings and complaints (Montanari
et al., 2019) and the use of preoperatively classification (Burla et al.,
2019). Our data showed that a significant percentage of experts do
not apply exception rules correctly, resulting in erroneous DE classifi-
cation and scoring. We also showed that incorrect use of the rASRM
has a direct influence on the EFl score, with a significant clinical impact

on fertility chances after surgery. This undoubtedly results in varying in-
formation provision to couples trying to get pregnant.

Goal of EQUSUM

The goal of the EQUSUM application is consistent with WES statements
and CORDES to create uniform surgical (and complication) registration
and classification/scoring for endometriosis. This enables clear and un-
ambiguous communication between healthcare providers and scientific
researchers. We did not create a new classification system, only simpli-
fied the use of current recommended systems in a visual digital auto-
matic form. We provided a clear overview of the pros and cons of the
rASRM, Enzian, EFl and EQUSUM systems (Supplementary Table SI).
Because classification is subject to constant changing rules and new ver-
sions, one digital system makes it easy to update the system with these
new insights. The German endometriosis research foundation (SEF) ex-
tended the Enzian classification in early 2019 (Stiftung Endometriose
Forschung, 2019). In addition, the locations on the peritoneum and
ovary and the status of the tubes are considered. Digitalization has the
potential that all users apply the same system with the same output and
are less prone to different versions or interpretations of the same classi-
fication system. This is the first step in a process of combining the three
systems in one functional and easy to use system. However, this is only
possible if there is a significant amount of data to be generated by the
EQUSUM whereby we can link and compare all three systems on simi-
larities, differences, strengths and limitations.

Furthermore, we postulate that general consensus for the EQUSUM
application needs to be discussed with other EQUSUM users world-
wide in close collaboration with the WES, WERF, SEF, European
Endometriosis League and ASRM.

Conclusion

This is the first attempt at creating a digital visual and automatic scor-
ing system for optimal classification and registration of (deep) endome-
triosis. This system improves correct classification/scoring of the
currently recommended rASRM, Enzian and EFl score. Our proof of
concept study showed that not all exceptions rules are applied by ex-
pert endometriosis surgeons, leading to incorrect scoring. This has an
impact on clinically relevant outcomes such as incorrect staging and dif-
ferent EFl score outcomes. The EQUSUM showed significant improve-
ment in classifying endometriosis and is more user-friendly compared
to non-digital classification. Herewith we have set the first step for a
worldwide web-based dynamic registration and classification/scoring
system for (deep) endometriosis.

Supplementary data

Supplementary data are available at Human Reproduction Open online.
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